This study examined habitat use and diet composition of Norwegian lemmings (Lemmus lemmus) and field voles (Microtus agrestis), which occur together and potentially compete for resources in alpine areas of central Norway. Both species preferred habitats rich in herbaceous monocots and dicots and willow (meadows and willow meadows). However, lemmings spread into other habitats, particularly lichen heath, when populations were high. Lemmings showed a clear preference for monocots in their diet, eating mostly sedges (Carex and Eriophorum), whereas voles had a much more diverse diet that included equal amounts of, and more species of, monocots and dicots. Because relatively little overlap occurred either in habitat use (33-57%, increasing overlap with lower densities of lemmings) or in diet (30-51%), and because lemming populations were usually low, exploitative competition between the 2 species seemed unlikely. Nevertheless, aggressive interspecific interactions during occasional years with high lemming densities could still negatively influence populations of field voles.
Ecologists generally recognize 2 main forms of competitive interactions among sympatric species of animals, exploitation and interference (Krebs 2001; Ricklefs 2007; Townsend et al. 2000) . In the former, negative effects on populations occur because shared resources are depressed below the minimum requirements of 1 or more species. In the latter, 1 species prevents access to resources by another species, either because the dominant species' aggressive behavior repels more submissive species or because submissive species passively avoid more dominant species. However, neither type of competition is likely to occur unless there is substantial overlap in use of a resource that is or has been in short supply.
Small mammal populations have a long history of use in studies of interspecific competition (Grant 1972) , in large part because many species co-occur and because they are relatively easy to manipulate in the field. A simple way to test for competitive interactions in nature is to conduct removal experiments. If 1 species is removed, and interspecific competition occurs, at least 1 of the remaining species should show expansion of its use of a resource (usually food or habitat) over the short term or improved performance (reproduction, survival, or growth) over the long term. Early removal experiments using arvicoline rodents report striking competitive effects on habitat use (Grant 1969; Koplin and Hoffmann 1968; Stoecker 1972) . Later experiments reporting little effect of removal on habitat use probably reflect the relatively low densities of voles present at the study sites (Batzli and Lesieutre 1995; Galindo and Krebs 1985) . Even when removal experiments indicate competitive effects, however, the mechanism for competition usually remains unknown, in part because of a lack of information on resource use.
At northern latitudes several species of arvicoline rodents often coexist, show overlap in patterns of habitat use and diet composition, and likely influence one another's distribution and abundance (Batzli and Lesieutre 1991; Batzli and Pitelka 1993; Hansson 1983; Henttonen et al. 1977; Heske and Steen 1993; Koivisto et al. 2007; Myllymäki 1977) . The potential for interspecific competition among arvicolines appears to increase with overlap in resource use, but arvicolines with rather different resource use can still compete because of social interactions (Hansson 1983 ). Here we concentrate on the potential for competition between 2 species, Norwegian lemmings (Lemmus lemmus) and field voles (Microtus agrestis), because they are commonly sympatric in alpine habitats of central Norway.
We test the hypothesis that Norwegian lemmings and field voles have substantial overlap in both habitat use and diet composition in alpine regions. Such a high overlap in resource use likely leads to strong interspecific, exploitative competition. Although habitat use and diet of both species have been fairly extensively studied, we know of no data on use of these resources by both species where the 2 species are sympatric. Low overlap in resource use, even when 1 or both of the sympatric populations are low, would imply that the species have evolved sufficiently different preferences (fundamental niches) to allow coexistence with little competition. Examination of quantitative data on habitat use and diet where the 2 species coexist, whatever it reveals about competitive interactions, also will advance our general understanding of resource use by arvicoline rodents in alpine regions of Fennoscandia.
MATERIALS AND METHODS
Study area.-We used 2 study sites between 800 and 1,100 m elevation in the alpine zone of Hessdalen, central Norway, Bergshøgda (628409N, 11879E) and Båttjønnhøgda (628479N, 11849E) . Hessdalen lies at the northern edge of the newly established Forollhogna National Park, which is located on part of the Røros Mountain plateau. The sites chosen contained a habitat mosaic of upland lichen heath (approximately 80% of the landscape), upland dwarf-shrub heath, lowland meadows and wetlands, and late-melting snowbeds (Skarpe et al. 2005) .
Study animals.-Norwegian lemmings occur throughout the alpine regions of Fennoscandia. In northern Norway (Finnmark), in years with low density, they mainly occur in highland meadows and bogs dominated by monocots and mosses (Oksanen and Oksanen 1981) . As population density increases, habitat use expands to include dry heaths and shrubby bogs. In alpine regions of southern Norway (Hardangervidda), Framstad and Stenseth (1993) report that lemmings prefer lichen heaths, dwarf-shrub heaths, and low herb meadows, but their analysis includes 5 years of data with both high and low densities. Resource use is expected to be greatly expanded during years of high densities when high intraspecific competition forces animals into suboptimal habitats. In mountains of northern Finland near the Norwegian border (Kilpisjärvi), during winter, lemmings occur mostly in herbaceous, alpine snowbed communities (rich in graminoids and mosses), but during summer, as alpine habitats dry, they move to lower streamside meadows (Henttonen and Kaikusalo 1993) . During major population increases (approximately every 10 years), large-scale spring and autumn movements ensue, and lemmings use a much greater variety of habitats. Although only Koshkina (1961) reports detailed food habits from analyses of stomach contents, Kalela et al. (1961) report similar results from feeding trials conducted to establish forage preference. Whatever the locale, true lemmings (Lemmus) seem to prefer graminoid monocots and mosses, with graminoids becoming more important in summer and mosses becoming more important in winter (Batzli 1993) . Thus, the preference of lemmings for moist habitats coincides with the greatest abundance of their preferred food.
Field voles occur in a wider range of latitudes and elevations, use a greater variety of habitats, and eat a greater variety of food than do lemmings. Field voles generally prefer mesic and moist habitats, dominated by grasses and forbs, but they also occur in peatlands, dry bogs, and clear-cuts within forests at lower elevations and latitudes (Hansson 1977) . At higher elevations and latitudes they occur in a wide range of habitats from birch forest to alpine meadows (Hansson 1989) . Field voles also eat a wide variety of plant species, including shoots and seeds of many species of herbaceous monocots and dicots, with species composition of the diet varying among habitats and geographic regions (Hansson 1971; Larsson and Hansson 1977) .
Snaptrapping, habitat use, and diet.-Protocols for this study followed guidelines approved by the American Society of Mammalogists (Gannon et al. 2007 ). To sample the distribution of lemmings and voles across the landscape we set traps at 53 points at Bergshøgda and 50 points at Båttjønnhøgda during June and July of 2001 and 2002. At each of the 2 sites, points were randomly selected at least 20 m apart along 7 randomly placed transects. To increase capture probabilities during high densities, at each point we set 5 Rapp (Nordenfjeldske Børstefabrikk AS, Surnadal, Norway) snap traps baited with vegetable oil (Hansson 1973 To establish availability of habitat types, we used data from Skarpe et al. (2005) for vegetation at the same points as those used for snaptrapping. At each trapping point, the percent cover of each vascular plant species, total lichens, and total mosses was recorded within a 1 Â 1-m quadrat. We assigned each trapping point to a habitat type (Table 1) based on vegetational composition in the quadrats and estimated the proportion of the landscape covered by each vegetation type as a proportion of the 103 sampling points. The classification of vegetation types followed Framstad and Stenseth (1993) modified by combining 2 of their types of mire vegetation (VEG 6 and 7) and eliminating 2 of their types of pioneer vegetation that did not occur at our sites (VEG 8 and 9). Stomachs of animals captured in snap traps in 2002 were preserved in 80% ethanol for analysis of food habits. To increase the number of voles captured for analysis of stomach contents, in 2005 we set 5 snap traps, approximately 2 m apart, along each of five 10-m transects in willow thickets at Bergshøgda. Traps were set for 4 days and checked every 24 h. During the summer of 2002, we collected vascular plants and mosses from a range of habitats to serve as a reference collection and preserved them in 80% ethanol. When possible, samples of stem, leaf, and fruit were preserved separately. Microscope slides of epidermal cells were prepared for all samples and photographed with a digital camera attached to a light microscope. These photographs provided the basis for a reference key used to identify stomach contents. For analyses of stomach contents, we followed the techniques of Batzli and Pitelka (1971) . First, we rinsed the contents with distilled water over a double layer of bolting silk. We then prepared 3 slides for each stomach and identified epidermal fragments nearest to the center of 10 randomly selected microscopic fields (100Â) for each slide (n ¼ 30 per stomach).
Livetrapping and habitat use.-To examine habitat use on a smaller scale, we set live traps in each of fifteen 50 Â 50-m plots established by Skarpe et al. (2005) as part of a larger study of alpine grazing. These sites were more mesic than the landscape as a whole (all located at 800-900 m elevation) and chosen because of their preference by sheep. In early summer (June) and late summer (August) of 2003, 2004 , and 2005 we placed a large Ugglan multiple-capture trap (Grahnab AB, Hillerstorp, Sweden; effective for both larger lemmings and smaller voles) near each station in a 6 Â 6 array at 7-m intervals. Traps were baited with sunflower seeds and peanuts, and sheep wool was added for bedding. During each trapping period we checked traps twice daily for 5 days, recorded the sex and weight of captured animals, individually marked them using numbered ear tags, and released them at the point of capture.
To determine habitat availability on livetrapping grids, we divided each grid into one hundred 5 Â 5-m quadrats, recorded the same measures of vegetation as for the snaptrapping points, and assigned each quadrat to 1 of the 6 vegetation types used in the landscape-scale vegetation survey described above. Because of the low numbers of animals captured on each grid, we pooled the data for the 15 grids. The availability of each vegetation type was then calculated as a proportion of the five hundred forty 5 Â 5-m quadrats with that type. The use of 5-m quadrats with livetrapping may give somewhat different results from the use of 1-m quadrats with snaptrapping because a 1-m quadrat may not always faithfully represent the surrounding area.
Statistics.-In spite of intensive livetrapping, we had too few recaptures of animals for mark-recapture population estimates, so we estimated densities of animals on livetrapping grids by the number of different individuals captured. To determine the statistical significance of habitat and forage selection we used a chi-square goodness-of-fit test. We used Fisher's exact test for habitat preferences of lemmings in 2002 because too few animals were captured for a chi-square test to be valid. We compared observed frequencies with those expected, the latter determined by the availability of habitat types and plant species as indicated by vegetation sampling. Categories of rare plants were pooled into other monocots and other dicots before conducting statistical tests. We compared the use of monocots and dicots by each of the 2 arvicoline species using a paired t-test (difference of proportion of monocots and dicots in diets) because nearly all dietary items fell into one or the other category. We used the log of the forage ratio (amount used/ amount available) to compare habitat and diet selection of the 2 species. Using the log transformation made proportional selection and avoidance comparable (þ1.0 represents 10 times the expected use, 0.0 represents no selection, and À1.0 represents one-tenth the expected use). Finally, we calculated dietary and habitat overlap between the 2 species as percent similarity of use of habitat types and specific dietary items (Feinsinger et al. 1981) . All statistical calculations were done using SPSS 14.0 (SPSS Inc. 2005). Habitat use.-Most lemmings occurred in the most abundant habitat type, lichen heath, but many fewer than expected were captured there ( Table 2 ).
RESULTS
Using the point of 1st capture for each animal during livetrapping (only a few voles were recaptured) provided 82 observations of voles. The distribution of habitat use appeared rather different from that with snaptrapping (Table 2) , but, because of the small number of captures by snaptrapping, the relative abundance in willow meadow (versus other habitats) was not significantly different using the 2 trapping methods (Fisher's exact test, P ¼ 0.705). More than twice as many voles as expected were livetrapped in willow meadow and mire-bog, which indicated a clear preference for these vegetation types (Table 2; overall v 2 ¼ 70.4, d.f. ¼ 5, P , 0.001). Remaining captures were spread among 3 other vegetation types, all of which were avoided (about 0.5 times expected captures in all cases).
Diet composition.-We used vegetation in willow meadows, a preferred habitat for both species, to calculate food availability when examining diet. All 14 voles used for stomach analysis were captured in willow meadows, but only 4 of the 7 lemmings were captured in this habitat type (1 lemming in dwarf shrub heath and 2 in mire-bog). However, the diet of lemmings in the willow meadow differed little from those caught in other habitats (overlap of specific food items was 86-87%, v 2 ¼ 12.0-14.0, d.f. ¼ 7-9, P ¼ 0.11-0.12 depending on how rare plant species were lumped). We therefore included all 7 lemmings in the analysis of food preference.
More than 80% of the lemming diet consisted of monocots, significantly more than dicots (t ¼ 4.28, d.f. ¼ 6, P ¼ 0.005). Lemmings also ate more different species of monocots (8 species) than dicots (4 species). Lemmings displayed much greater than expected consumption of sedges (30% Carex and 28% Eriophorum), which indicated a clear preference over other food items (Table 3 ; v 2 ¼ 3,447, d.f. ¼ 11, P , 0.001). The grass Deschampsia caespitosa was the next most consumed item (10%) of diet, but was not a preferred item. All other items were consumed in only small amounts or not eaten at all, with 2 relatively common dicots, Alchemilla (7% of available cover) and Salix (28% of available cover), never eaten. Although lemmings ate some mosses, they selected against them overall.
Voles ate similar amounts of monocots and dicots (t ¼ 0.259, d.f. ¼ 13, P ¼ 0.80) and similar numbers of species of monocots (8 species) and dicots (7 species). The most abundant items in the vole diet included a sedge (Carex, 14%), a grass (D. caespitosa, 13%), and a shrub (Vaccinium myrtillus, 10%), of which only the sedge was highly favored (overall v 2 ¼ 2,123, d.f. ¼ 11, P , 0.001; Table 3 ). Other species were taken in much smaller amounts, and, as with lemmings, Alchemilla and Salix were not taken at all. Of the pteridophytes (ferns and horsetails), voles particularly favored Equisetum.
Habitat and dietary overlap.-Even though both species selected willow meadow and mire-bog habitats, and both species foraged extensively on Carex and Deschampsia, lemmings and voles did not have very high overlap. For habitat use, percent similarity using snaptrapping data varied with lemming densities (33.1% at high densities in 2001 and 57.1% at low densities in 2002; Table 2 ). This discrepancy between years occurred largely because lemmings made extensive use of lichen heath in 2001, which voles avoided (Table 2) . Using all the data on voles, the overlap with lemmings was 29.2% in 2001 and 73.8% in 2002.
Percent similarity of diets was only 29.8%. This low overlap could in part reflect the relatively large amount of unknown species in the dietary analyses (25-35%), for which the distribution among plant species also is unknown. Assuming that the unknown categories contained the same distribution of plant species for lemmings and voles, percent similarity still only reached 51.4%.
DISCUSSION
Our results generally agreed with the studies on habitat use and diet reviewed in the ''Materials and Methods.'' Norwegian lemmings were more specialized in both their habitat use and diet than were field voles, except that habitat use of lemmings expanded dramatically at high population densities. Lemmings preferred monocots in the summer, whereas field voles took equal amounts of monocots and dicots. Although lemmings and voles both preferred willow meadow and mire-bog habitats, when lemmings reached much higher densities in 2001, they were spread over more habitats than were the low densities of field voles. In later years, higher populations of voles inhabited more habitats than did the low densities of lemmings in 2002.
The highest estimate of overlap in diet (51%) was based on the unlikely assumption that the distribution of unidentified species in stomach contents was the same for both species of rodents. The highest overlap in habitat use across the landscape (57% for snaptrapping only, and 74% for snaptrapping and livetrapping) occurred at low densities of lemmings (2002), but, because of their much higher densities, more lemmings occurred (Batzli et al. 2007; Haken and Batzli 1996) . Given relatively low overlap in resource use at our study sites, the potential for exploitative competition appeared small and did not support the hypothesis that exploitative competition occurs between these lemmings and voles. However, we note that few voles occurred in any habitat during and immediately after the high lemming densities in 2001 and that vole populations only reached low to moderate densities by 2004. Furthermore, lemmings are larger and aggressively dominant to voles in the laboratory (Myllymäki et al. 1962 ) and field (Henttonen and Hansson 1984) , and it remains possible that interference competition at high densities of lemmings depresses the density of voles.
Other workers have investigated competitive interactions of arvicoline rodents in Fennoscandia by using removal experiments or by examining population trends in habitats where the species are sympatric. In the Rondane mountains of Norway, where vole populations reached relatively high densities and lemmings reached moderate densities, Heske and Steen (1993) still found no clear, short-term response of voles to removal of lemmings or vice versa. However, Henttonen et al. (1977) compared longer population trends and concluded that high populations of either root voles (Microtus oeconomus) or Norwegian lemmings depressed field vole populations in northern Finland.
Even though some of our sample sizes were low, we found clear differences in diet use between the species, and we conclude that the potential for exploitative competition between the 2 species is insignificant in most years. However, lemming populations are notorious for periodic outbreaks of high densities (Ekerholm et al. 2001; Henttonen and Kaikusalo 1993) , and during these times interference competition becomes likely. Expansion of aggressive lemming populations across all alpine habitats every 10 years or so may reduce the density of field voles and may even cause a shortage of preferred forage.
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